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Abstract: Vitamin D deficiency and its effect have attracted a considerable research interest due to its relation 
to glucose homeostasis, insulin secretion, sensitivity and synthesis. The aim of this study was to evaluate 
vitamin D levels in patients with type II diabetes mellitus aged between 35 - 65 years and investigating their 
relations with glycemic control and obesity. The study included 74 Libyan patients with known history of type 
II diabetes mellitus (33 males and 41 females). Serum glucose, glycosylated hemoglobin (HbA 1c) and vitamin 
D levels were biochemically estimated in these patients. Further, body mass index (BMI) was calculated for 
all the diabetic patients (weight in kilogram per height in meter square). The mean level of plasma glucose 
level was 150.58 + 63.82 mg/dl (mean + SD). The mean of HbA 1c level was 7.90 + 8.48% (mean + SD). The 
mean level of vitamin D was 22.7 5 + 14.97 ng/ml. The mean of BMI was 26.55 + 4.10 Kg per m°. The 
findings showed that 58.10% of the cases had vitamin D deficiency (Out of which 24.24% were males and 
85.36% were females). This study showed statistical significance differences in glucose, HbA 1c, vitamin D 
and BMI between male and female patients. Moreover, elderly ages for both sexes had adverse effects on 
vitamin D status. Vitamin D levels have negatively been correlated with levels of glucose, HbAlc and BMI. 
It is concluded that vitamin D deficiency has an adverse effect on glucose homeostasis in patients with type 
II diabetes mellitus and this can be a contributor risk factor in complications of type II diabetes mellitus 
development in Libyan patients. 
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Introduction 


Diabetes mellitus (DM) is a chronic metabolic activity is disorders of fats, proteins and 


multi-systemic disorder of pancreatic gland which 
increases glucose level in the blood due to low 
levels of insulin secretion or insufficiency of 
insulin activity in the body [1]. Type II diabetes 
mellitus (DM II) leads to decreased insulin 
sensitivity and poor performance of pancreatic beta 
cells [2]. The consequence of disruption of insulin 
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carbohydrates metabolism [3, 4]. Vitamin D is a 
fat-soluble vitamin that is synthesized from 
7\idehydrocholesterol in the skin upon exposure to 
ultraviolet B (UVB) rays of sunlight. 1, 25- 
dihydroxycholecalciferol, is the active form of 
vitamin D, which plays an important role in the 
maintenance of calcium homeostasis by binding to 
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its receptors on its target tissues which include 
bone, kidney and intestine. In addition to its role in 
maintaining bone health, vitamin D has several 
important extra skeletal biochemical functions in 
the body including its role in type I and II diabetes 
mellitus [5]. Vitamin D has important roles in the 
metabolism of glucose. It directly stimulates 
insulin secretion from beta cells of pancreas. It 
increases intracellular calcium levels, which 
attenuates insulin synthesis. In addition, it 
improves insulin sensitivity in peripheral muscle 
and fats cells. DM II is a state of chronic low-grade 
chronic inflammation. Because of anti- 
inflammatory nature, vitamin D exerts beneficial 
effects on glycemic control and helps in prevention 
of complications of DM II [6]. 

Hypovitaminosis D has commonly been found in 
obesity which is the most important cause of 
prediabetes. In obesity, adipose tissues store 25- 
hydroxy vitamin D making it biologically 
unavailable resulting in depletion of calcitriol and 
rise in parathyroid hormone (PTH). This in turns 
increases intracellular calcium in adipocytes 
stimulating lipogenesis with subsequent weight 
gain and impaired glucose intolerance [7, 8]. 
Vitamin D has sparked widespread interest in the 
pathogenesis and presentations of diabetes [7]. 
There is a considerable interest in vitamin D’s role 
in DM I and insulin resistance beyond its role in 
bone/calctum metabolism. A published review 
summarized reports showing a significant positive 
correlation between serum 1, 25-OH-vitamin D 
(the active form) and insulin sensitivity and 
secretion, a negative association between vitamin 
D deficiency and glycemic control [9]. Previous 
published studies have shown that higher rates of 
hypovitaminosis in the sunniest areas of the world, 
including the Middle East and Asian countries such 
as Qatar, Saudi Arabia, United Arab Emirates, Iran 
Turkey and India [10, 11]. In 2016, Food and 
Agriculture Organization (FAO) reported that 62% 
of Qatari teenager had vitamin D deficiency and 
81% of Saudi girls had deficiency of vitamin D. A 
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highest vitamin D deficiency was reported in Saudi 
women, up to 85% [12]. According to published 
systematic review and meta-analysis study, in 
which 129 studies have been reviewed with 21 474 
participants from 23 African countries included, 
vitamin D deficiency was prevalent in African 
countries and most common was in Northern 
African countries [13]. Few studies have been 
conducted regarding vitamin D status which all was 
in East and West of Libya. In a cross-sectional 
Libyan study in Benghazi city, vitamin D 
deficiency (< 20 ng/ml) was 76.1%, insufficiency 
(21 - 29 ng/ml) was 15.2% and sufficient vitamin 
D concentration (> 30 ng/ml) was 08.7%. Vitamin 
D deficiency was more prevalent in women. 58.4% 
of the women were had vitamin D deficiency and 
25.0% were in vitamin D insufficiency, while 
26.1% of men were deficient and 21.0% were 
insufficient in vitamin D [14]. Another Libyan 
study in Tripoli city, identified 69.0% of nursing 
mothers had vitamin D deficiency (< 20 ng/ml) and 
30.0% of nursing mother had vitamin D sufficiency 
(> 30 ng/ml) [15]. 

A Libyan study conducted in Misurata city 
revealed that about 80.0% of the participant had 
inadequate vitamin D levels and out of which 
women were more susceptible to vitamin D 
deficiency which counted for 61.6% < 25 nmol per 
L and 20.2% between 25 - 50 nmol per L [16]. 
Indeed, the majority of Libyan women wear 
traditional attire and have more indoor lifestyle or 
avoid sun exposure due to cultural customs as it has 
been confirmed. Thus, their vitamin D intake relies 
greatly on the food they eat, which might not be 
enough to meet the body requirements [17]. 
Several previous studies demonstrated the relation 
of vitamin D deficiency with the development of 
DM II [6 - 9], therefore, the primarily objective was 
to estimate vitamin D status among Libyan patients 
with DM II in Southwest region of Libya. The 
second objective was to investigate its relation of 
vitamin D deficiency with glycemic control and 
body mass index of the patients. 
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Materials and methods 


Study population: Cross-sectional study was 
conducted from January to May, 2021 at Albalsam 
Clinic, Garma, Southwest region of Libya. The 
study group involved 74 patients DM II aged 
between 35 and 65 years old of both sexes. All the 
participants were informed about the purpose of the 
study, and were freely to ask questions throughout 
the study and signed an informed consent form as 
an ethical approval. 

Collection of samples and site of experiments: Five 
ml of blood sample has been collected from each 
patient after an overnight fasting of eight hours for 
measurement of blood glucose, HbA 1c and vitamin 
D levels. BMI was calculated for all the patients 
(weight in kilogram per height in meter square. The 
blood sample was collected in sodium fluoride to 
detect glucose and ethylene diamine tetra acetic 
acid (EDTA) to detect glycosylated hemoglobin 
(HbAlc). Serum sample was made to detect 
vitamin D. Demographic characteristics of the 
patients (name, age and gender), history of risk 
factors (duration of diabetes illness, family 
history). Sun exposure was estimated by asking the 
patients about the time spent outdoors during the 
week. All blood samples were analyzed in certified 
laboratory at Albalsam Clinic, Garma, Wadi 
Alhayah. 


Exclusion criteria: 

e Patients with type I diabetes mellitus. 

e Patients with diabetes mellitus of acute 
complications. 

e Patients of gestational diabetes mellitus and 
pregnancy. 

e Patients on insulin anti-diabetic. 

e Supplemented patients with vitamin D and 
calcium. 

e Patients suffering from diarrhea. 

e Diseases of kidneys, thyroid, digestive tract, 
osteoporosis, bone, skin and other diseases that 
affect the absorption and synthesis of vitamin D. 
Biochemical analysis: 
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e Serum glucose: The method used was GOD-PAP 
method by photometer 4040 Fulfils. 

e Plasma glycosylated hemoglobin (HbAIc): The 
method used was sandwich immunodetection 
method by Ichroma made in Korea. 

e Serum vitamin D: The method used was 
competitive immunodetection method by Ichroma 
made in Korea. 


Statistical analysis: Data are expressed as mean 
and standard deviation. All data were analyzed by 
using Statistical Package for Social Sciences 
(SPSS-version 14). An analysis of variance (one 
way-ANOVA) test was used to compare the means 
of the variables among the groups. A Pearson 
correlation coefficient was applied to investigate 
the extent relationship between the levels of 
vitamin D and serum glucose, HbA 1c and BMI. 


Results 


In this study, 74 Libyan patients with known 
diagnosis of DM II were included for both sexes 
(33 males and 41 females). Table 1 shows mean 
and standard deviation of biochemical parameters 
of vitamin D, serum glucose, HbAlc and BMI 
levels and ages for both sexes of the participants. 
Mean age was 51.84 + 9.43 years (52.15 + 9.73 and 
51.59 + 9.31 years for male and female, 
respectively). There was no significant difference 
between the mean ages of male and female groups. 
The total mean and standard deviation of blood 
glucose levels was 150.58 + 63.82 mg/dl (130.06 
+ 60.04 mg/dl and 164.66 + 60.66 mg/dl males and 
females, respectively). Total mean and standard 
deviation of HbAIc level was 7.90 + 8.48% (6.15 
+ 1.85 and 7.54 + 1.89% in males and females, 
respectively). Total mean and standard deviation of 
vitamin D level was 22.75 + 14.97 ng/ml (31.53 + 
14.95 and 15.69 + 10.73 ng/ml in male and female 
patients, respectively). Total mean and standard 
deviation of BMI was 26.55 + 4.10 Kg/m? (23.66 + 
3.14 and 28.90 + 3.22 Kg/m? for male and female 
groups, respectively). An analysis of the data by 
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using one-way ANOVA revealed a statistically 
significant difference of biochemical variables 
between male and female participants. The study 
showed a statistical significance in glucose, 
HbAlc, vitamin D and BMI between male and 
female at a p value of less than 0.01. 


Table 2 illustrates age-distribution of the cases in 
relation to the vitamin D levels for male and female 
patients. Ages were divided into three groups, the 
first age group was between 35 - 44 years (n = 8 
and n = 11 for male and female groups, 
respectively), the second group was between 45 - 
54 years (n = 8 and n = 20 for male and female, 
respectively) and the third group was between 55 - 
65 years (n = 17 and n = 10 for male and female 
groups, respectively). In the first group, the mean 
of vitamin D level was 44.77 + 4.23 and 31.60 + 
6.25 in male and female, respectively. The mean of 
vitamin D level in the second group was 39.72 + 
3.98 and 10.87 + 3.89 in male and female, 
respectively. In the third group, the mean of 
vitamin D level was 21.39 + 13.9 and 7.24 + 1.30 
in male and female, respectively. Vitamin D levels 
in male and female patients were found to be 
statistically significant different at a p of 0.01 in the 
different three groups. Moreover, vitamin D levels 
in male and female patients were significant 
different at a p< 0.01 in each group. Table 3 shows 
the distribution of vitamin D levels with relation to 
serum glucose levels. The results revealed by 
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applying a Pearson correlation coefficient to 
investigating the relationship between vitamin D 
and serum glucose levels. The findings showed a 
strong negative correlation between vitamin D and 
serum glucose levels (r = - 0.8). Table 4 illustrates 
the distribution of vitamin D levels in relation to 
HbA Ic levels. The findings were tested by Pearson 
correlation coefficient for the relationship between 
vitamin D and HbA Ic levels. The results showed a 
strong negative correlation between vitamin D and 
HbAlIc levels (r = - 0.8). Table 5 reveals the 
distribution of vitamin D levels in relation to BMI 
data. By applying Pearson correlation coefficient to 
investigating the relationship between vitamin D 
levels and BMI, a negative correlation between 
vitamin D levels and BMI was found (r = - 0.5). 
The negative correlation of vitamin D levels with 
serum glucose, HbAlc and BMI levels are 
analyzed, thus, in Figure 1, the correlation between 
vitamin D levels and serum glucose levels is 
presented. It revealed a strong significant negative 
correlation between vitamin D and serum glucose 
levels (r = - 0.8, P= 0.001). Figure 2 illustrates the 
relation between vitamin D and HbA1c levels. It 
showed a strong significant reverse relation 
between vitamin D levels and HbAlc 
concentration (r = - 0.8, P = 0.001). Finally, Figure 
3 showed the relation between vitamin D and BMI 
levels, a negative correlation between vitamin D 
levels and BMI levels was found (r = - 0.5, P < 
0.01). 


Table 1: Biochemical parameters of Libyan patients with diabetes mellitus (type II) 


Parameters Total Female P 
mean + SD mean + SD mean + SD value 

Age in years 51.84 + 9.43 52.15 + 9.70 51.58 + 9.31 0.7 
Vitamin D (ng/dl) 22.75+14.97 31.53 + 14.95 15.69 +10.73 P<0.01** 
Blood glucose (mg/dl) 150.58 + 63.82 130.06 + 60.04 164.66 + 60.66 P<0.01** 
HbAIc (%) 07.90 + 8.48% 06.15 + 1.85% 07.54 + 1.89% P<0.01** 
BMI (Kg/m’) 26.55 + 4.10 23.66 + 3.14 28.90 + 3.22 P<0.01** 

Differences by one-way ANOVA test. 
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Table 2: Distribution of the cases according to age and vitamin D level 


Vitamin D in ng/dl 


Gender 35 - 44 years 45 - 54 years 55 - 64 years Statistically 
n=19 n=28 n=27 significant 
Male 44.77 + 4.23 39.72 + 3.98 21.39 + 13.9 SS 
Female 31.6 + 6.25 10.87 + 3.89 07.24 + 1.30 SS 
Statistically significant SS SS SS 


SS: statistically significant by one-way ANOVA test. 
Vitamin D in males and females was significant at P < 0.01 in the different three groups 
Vitamin D levels in males and females was significant at P < 0.01. 


Table 3: Distribution of the cases according to vitamin D level and glucose level 


Parameters Mean + SD r 
Vitamin D in ng/dl 22.75 + 14.97 - 0.8 
Glucose in mg/dl 150.58 + 63.82 


Negatively correlated 
Pearson correlation coefficient for vitamin D and serum glucose levels. 
Vitamin D was negatively correlated with serum glucose levels (r = - 0.8). 


Table 4: Distribution of the cases according to vitamin D and HbA1c 


Parameters Mean + SD r 
Vitamin D (ng/dl) 22.75 + 14.97 - 0.8 
HbAIe (%) 07.90 + 8.48 


Negatively correlated 
Pearson correlation coefficient for vitamin D and HbA Ic levels. 
Vitamin D was negatively correlated with HbAIc levels (r = - 0.8). 


Table 5: Distribution of the cases according to vitamin D and body mass index 


Parameters Mean + SD r 
Vitamin D (ng/dl) 22.75 + 14.97 - 0.5 
BMI (kg/m?) 26.55 + 4.10 


Negatively correlated 


Pearson correlation coefficient for vitamin D and BMI. 
Vitamin D was negatively correlated with BMI (r = - 0.5). 


Figure 1: Correlation of vitamin D and glucose level (r = - 0.8, P = 0.001). 
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Figure 3: Correlation of vitamin D and body mass index (r= - 0.5, P = 0.01). 


Discussion 


In the present study which has been conducted in 
southwest region of Libya where all the subject's 
exposure adequate sunlight throughout the year. 
Thus, the present findings showed about half of the 
type II diabetic patients had vitamin D deficiency 
or insufficiency (Out of which 25% males and 85% 
females). Indeed, total mean of vitamin D levels 
was 22.75 + 14.97 ng/dl (males were two-fold of 
the females). This is supported by the previous 
study which revealed that half of the diabetic 
patients had vitamin D deficiency [18]. Another 
study also showed half of diabetic patients had 
vitamin D deficiency [19]. Moreover, the present 
study reported that women were more susceptible 
to vitamin D deficiency and some of them were in 
menopause stage. The study was in a good 
agreement with the previous study which revealed 
that high prevalence of hypovitaminosis D was 
among Brazilians with type II diabetes and it was 
more related with female gender who counted for 
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about 75% and most of them were nonwhite 
persons [20]. The current study reported that 
elderly ages (> 45 years) had an inverse effect on 
vitamin D levels for both male and female patients 
but, it was more prevalent with elderly female 
gender. The study was in consistent with a study 
that demonstrated a very high of diabetic women 
had vitamin D deficiency or insufficiency 
regardless of the abundance of sunshine and 
hypovitaminosis was more prevalent in the 
postmenopausal than premenopausal women [21]. 
Vitamin D deficiency may be attributed to 
inadequate vitamin D intake, social and religious 
behaviors, covering cloths and wearing a hijab 
which could be a main blocker of exposing to 
sunlight which leads to the disruption of vitamin D 
synthesis [22, 23]. During menopause stage there is 
a decline in estrogen production. Estrogen is 
responsible for increasing the activity of l-a 
hydroxylase (expressed in the kidneys) and 
regulates vitamin D receptor. Therefore, estrogen 
activates and regulates vitamin D levels through 
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activating 1-a hydroxylase enzyme and vitamin D 
receptors [24 - 26]. Aging has an inverse effect on 
vitamin D status as kidney function efficiency is 
diminishing in older ages than young individuals. 
Therefore, older individuals are less able to convert 
vitamin D into the active form [27]. Additionally, 
the effectiveness of producing vitamin D through 
exposing to sunlight can be affected by skin color. 
Melanin pigment of darker skin reduces the 
absorption of sunlight. Therefore, people with a 
darker skin show lower levels of vitamin D [28, 
29]. The current study revealed a difference in 
glucose and HbAlc levels between males and 
females. Thus, vitamin D levels were inversely 
correlated with serum glucose and HbA Ic levels. 
Serum glucose and HbAlc levels were 
significantly higher in subjects having vitamin D 
deficiency and vitamin D was inversely correlated 
with serum glucose and HbAIc levels [30]. It is 
consistent with a study conducted in Turkey which 
showed a strong relation of lower vitamin D with 
worse diabetic regulation in DM I subjects [31]. 
Vitamin D plays important roles in metabolism of 
glucose and it directly stimulates insulin secretion 
from beta cells of pancreas and enhances insulin 
synthesis. Moreover, vitamin D improves insulin 
sensitivity [6]. Vitamin D deficiency may increase 
blood glucose by decreasing insulin sensitivity, 
glucose uptake of peripheral tissues and increasing 
insulin resistance [32, 33]. Vitamin D might 
improve insulin sensitivity through lowering 
inflammatory responses [34]. The study reported 
that high percentage of the subjects were not health 
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weight (43.24% overweight and 18.91% obese). 
Furthermore, the study showed a negative 
correlation between vitamin D and BMI levels. 
Sequestering of vitamin D in adipose tissues and 
altered vitamin D metabolism in obese individuals 
can be the reasons of vitamin D deficiency in obese 
individuals [35 - 37]. In obesity, storing vitamin D 
in adipose tissues makes it unavailable which 
results in depletion of calcitriol and rise in 
parathyroid hormone (PTH). This in turns increases 
intracellular calcium in adipocytes stimulating 
lipogenesis which leads to impaired glucose 
intolerance [8]. Thus, it should be recommended 
that regular measurement of serum vitamin D 
among patients with diabetes mellitus, particularly, 
elderly aged individuals. National strategies are 
needed to raise public awareness of the importance 
and necessity of vitamin D. All efforts must be 
dedicated to educating the community on how to 
prevent hypovitaminosis D through adapting 
proper lifestyle practices focused on maintaining 
an adequate sun exposure and increasing their 
dietary intake of vitamin D. 


Conclusion: The study concludes that vitamin D 
deficiency is negatively correlated to glucose, 
HbAlc and BMI which all contribute to the 
development of type II diabetes mellitus due its 
effect on glucose homeostasis, insulin secretion 
and insulin sensitivity. Vitamin D supplementation 
can improve glycemic status in diabetic patients 
which might help in improving the overall health of 
the individuals. 


Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships 


that could be construed as a potential conflict of interest. 


Data availability statement: The data that support the findings of this study are available from the corresponding author upon 


reasonable request. 


Author contributions: Both authors contributed equally. 


Ethical issues: Including plagiarism, informed consent, data fabrication or falsification and double publication or submission have 


completely been observed by authors. 


Elhadi & Ahmed 


Mediterr J Pharm Pharm Sci. 2(1): 29-37, 2022 


Page | 29-37 


www.medjpps.com Mediterranean Journal of Pharmacy and Pharmaceutical Sciences ISSN: 2789-1895 


Author declarations: We confirm all relevant ethical guidelines have been followed and any necessary IRB and/or ethics committee 


approvals have been obtained. 


References 


1. 


2. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Hosseini SA, Nemati J, Ranjbar M, Edalatmanesh MA, Zar A (2017) Hypoglycemic interactive effects of 
Ginger extract and endurance training in diabetic rats. The Horizon of Medical Sciences. 23 (4): 325-330. 
Eftekhari MH, Akbarzadeh M, Dabbaghmansheh MH, Hasanzadeh J (2011) Effects of treatment with oral 
calcitriol on plasma glucose and insulin levels in non-insulin dependent diabetes mellitus patients. Journal of 
Nutrition Sciences and Food Technology. 6 (3): 1-10. 

Shukia R, Sharma SB, Puri D, Prabhu KM, Murthy PS (2000) Medicinal plants for treatment of diabetes 
mellitus. Indian Journal of Clinical Biochemistry. 15 (1): 169-177. doi: 10.1007/BF02867556. 

American Diabetes Association. (2015) Standards of medical care in diabetes. Abridged for primary care 
providers. Clinical Diabetes. 33 (2): 97-111. doi: 10.2337/diaclin.33.2.97. 

Griz LH, Bandeira F, Gabbay MA, Dib SA, Carvalho EF (2014) Vitamin D and diabetes mellitus: An update. 
Arquivos brasileiros de endocrinologia e metabologia. 58: 1-8. doi.org/10.1590/0004-2730000002535. 

Brijesh M, Saurav P (2014) Prevalence of vitamin D deficiency in type-2 diabetes mellitus patients and its 
correlation with glycemic status. International Journal of Bioassays. 3: 3313-3317. 

Tuorkey MJ, Abdul-Aziz KK (2010) Strategies for diabetes and pathways of vitamin D. Diabetes and Metabolic 
Syndrome: Clinical Research and Reviews. 4 (2): 101-110. doi.org/10.1016/j.dsx.2009.07.010. 

Takiishi T, Gysemans C, Bouillon R, Mathieu C (2010) Vitamin D and diabétes. Endocrinology and Metabolism 
of Clinics in North America. 39 (2): 419-446. doi: 10.1016/j.ecl.2010.02.013. 

Lips P, Eekhoff M, van Schoor N, Oosterwerff M, de Jongh R, Krul-Poel Y, Simsek S (2017) Vitamin D and 
type 2 diabetes. The Journal of Steroid Biochemistry and Molecular Biology. 173: 280-285. doi: 
10.1016/j.jsbmb.2016.11.021. 

Alsuwaida AO, Farag YM, Al Sayyari AA, Mousa DH, Alhejaili FF, Al-Harib AS, Housawi AA, Mittal BV, 
Singh AK (2013) Prevalence of vitamin D deficiency in Saudi adults. Saudi Medical Journal. 34 (8): 814-818. 
PMID: 23974452. 

Naeem Z, AlMohaimeed A, Sharaf FK, Ismail H, Shaukat F, Inam SB (2011) Vitamin D status among 
population of Qassim region, Saudi Arabia. International Journal of Health Sciences. 5 (2): 116-124. 
PMC3521830. 

Food and Agriculture Organization of the United Nation (2017) Near East and North Africa regional overview 
of food insecurity 2016. Cairo, A.R.E.: FAO. ISBN 978-92-5-109648-2. 

Mogire R, Mutua A, Kimita W, Kamau A, Bejon P, Pettifor JM, Adeyemo A, Williams TM, Atkinson SH 
(2020) Prevalence of vitamin D deficiency in Africa: a systematic review and meta-analysis. The Lancet Global 
Health. 8 (1): e134-e142. doi: 10.1016/S2214-109X(19)30457-7. 

Omer M, Nouh F, Younis M, Nabil N, Saad M, Ali M (2017) Vitamin D status and contributing factors in 
patients attending three polyclinics in Benghazi Libya. Journal of Advances in Medicine and Medical Research. 
24 (5): 1-13. doi: 10.9734/JAMMR/2017/37483. 

Benhamed MM, Marwan AG, Dekna MA, Ahmed AA (2017) Vitamin D levels and rickets indices among 
infants and their nursing mothers in Tripoli - Libya. The Libyan Journal of Agriculture. 22 (1): 47-60. 

Faida F, Nikolicb M, Milesevic J, Zekovicb M, Kadvanc A, Gurinovicb M, Glibeticb M (2018) Assessment of 
vitamin D intake among Libyan women - adaptation and validation of specific food frequency questionnaire. 
Libyan Journal of Medicine. 13 (1): 1502028. doi: 10.1080/19932820.2018.1502028. 

Omer M, Nouh F, Younis M, Nabil N, Saad M, Ali M (2018) Culture, sun exposure and vitamin D deficiency 
in Benghazi Libya. Journal of Advances of Medicine and Medical Research. 25 (5): 1-13. 
doi: 10.9734/JAMMR/2018/39562. 

Kumar PS, Vinapamula KS, M, Suchitra MM, Sachan A (2019) Study on the association of vitamin D with 
glycemic control in patients with type 2 diabetes mellitus. Journal of Clinical and Scientific Research. 8 (4): 
188-192. doi: 10.4103/JCSR.JCSR_96_19. 

Elhussein AB, Babikr WG, AlSayed MI, Fadlelseed OE (2021) The association between vitamin D levels and 
glycemic control in type 2 diabetic patients in Najran Area, Saudi Arabia. Zagazig University Medical Journal. 
27 (1): 132-139. doi: 10.21608/zumj.2020.26422.1782. 


Elhadi & Ahmed Mediterr J Pharm Pharm Sci. 2(1): 29-37, 2022 Page | 29-37 


www.medjpps.com Mediterranean Journal of Pharmacy and Pharmaceutical Sciences ISSN: 2789-1895 


20. 


21. 


22. 


23. 


24. 


25; 


26. 


21. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


Rolim MC, Santos BM, Conceio G, Rocha PN (2016) Relationship between vitamin D status, glycemic control 
and cardiovascular risk factors in Brazilians with type 2 diabetes mellitus. Diabetology and Metabolic 
Syndrome. 8: 77. doi: 10.1186/s13098-016-0188-7. 

Fondjo AL, Sakyi SA, Owiredu WKBA, Laing EF, Owiredu EW, Awusi EK, Ephraim RKD, Kantanka OS 
(2018) Evaluating vitamin D status in pre- and postmenopausal type 2 diabetics and its association with glucose 
homeostasis. BioMed Research International. 12. 9369282. doi: 10.1155/2018/9369282. 

Miettinen ME, Kinnunen L, Leiviska J, Keinanen-Kiukaanniemi S, Korpi-Hyovalti E, Niskanen L, Oksa H, 
Saaristo T, Tuomilehto J, Vanhala M, Uusitupa M, Peltonen M (2014) Association of serum 25-hydroxyvitamin 
D with lifestyle factors and metabolic and cardiovascular disease markers: population-based cross-sectional 
study (FIN-D2D). Public Library of Science One. 9 (7): e100235. doi: 10.1371/journal.pone.0100235. 

Najeeb HA, Othman R, Salih SF, Mohamed AA, Al Ismaeel Q (2020) Vitamin D level and endogenous DNA 
damage in patients with cancers in Duhok city, KRG-Iraq. Annals of Medicine and Surgery. 60: 462-467. doi: 
10.1016/j.amsu.2020.10.065. 

Kanwar G, Sharma N, Shekhawat M, Sharma P, Hada R, Chandel CS (2015) Comparison of vitamin D levels 
in pre and postmenopausal type 2 diabetic females. IOSR Journal of Dental and Medical Sciences. 14 (8): 70- 
73. doi: 10.9790/0853-14897073. 

Bischoff-Ferrari HA, Borchers M, Gudat F, Durmuller U, Stahelin BH, Dick W (2004) Vitamin D receptor 
expression in human muscle tissue decreases with age. Journal of Bone and Mineral Research. 19 (2): 265-269. 
doi: 10.1359/4bmr.2004.19.2.265. 

Pattanaungkul S, Riggs BL, Yergey AL, Vieira NE, O’Fallon WM, Khosla S (2000) Relationship of intestinal 
calcium absorption to 1,25-dihydroxyvitamin D [1,25(OH)2D] levels in young versus elderly women: Evidence 
for age-related intestinal resistance to 1,25(OH)2D action. The Journal of Clinical Endocrinology and 
Metabolism. 85 (11): 4023-4027. doi: 10.1210/jcem.85.11.6938. 

Meehan M, Penckofer S (2014) The role of vitamin d in the aging adult. Journal of Aging Gerontology. 2 (2): 
60-71. doi: 10.12974/2309-6128.2014.02.02.1. 

Cheng JB, Levine MA, Bell NH, Mangelsdorf DJ, Russell DW (2004) Genetic evidence that the human CYP2RI 
enzyme is a key vitamin D 25- Hydroxylase. Proceeding of The National Academy of Sciences of the United 
State of America. 101 (20): 7711-7715. doi 10.1073 pnas.0402490101. 

Webb AR, Kline L, Holick MF (1988) Influence of season and latitude on the cutaneous synthesis of vitamin 
D3: Exposure to winter sunlight in Boston and Edmonton will not promote vitamin D3 synthesis in human skin. 
Journal of Clinical Endocrinology and Metabolism. 67 (2): 373-378. doi: 10.1210/jcem-67-2-373. 

Anyanwu AC, Olopade OB, Onung SI, Odeniyi IA, Coker HAB, Fasanmade OA, Ohwovoriole AE (2020) 
Serum vitamin D levels in persons with type 2 diabetes mellitus in Lagos, Nigeria. International Journal of 
Diabetes Clinical Research. 7 (4): 1-7. doi: 10.23937/2377-3634/1410133. 

Erkus E, Aktas G, Kocak MZ, Duman TT, Atak BM, Edip HS (2019) Diabetic regulation of subjects with type 
2 diabetes mellitus is associated with serum vitamin D levels. Revista da Associac,ao Médica Brasileira. 65 (1): 


51-55. doi: 10.1590/1806-9282.65.1.51. 

Talaei A, Mohamadi M, Adgi Z (2013) The effect of vitamin D on insulin resistance in patients with type 2 
diabetes. Diabetology and Metabolic Syndrome. 5: 8. doi: 10.1186/1758-5996-5-8. 

Safarpour P (2020) Vitamin D supplementation improves SIRT1, Irisin, and glucose indices in overweight or 
obese type 2 diabetic patients: A double-blind randomized placebo-controlled clinical trial. BMC Family 
Practice. 21 (1): 1-10. doi: 10.1186/s12875-020-1096-3. 

Dhillon P (2016) A study to assess the effect of vitamin D supplementation on insulin resistance and glycaemic 
control in type 2 diabetes mellitus patients. International Journal of Basic and Clinical Pharmacology. 5 (2): 
466-472. doi: 10.18203/2319-2003 .ijbcp20160763. 

Rosen CJ (2011) Clinical practice. Vitamin D insufficiency. The New England Journal of Medicine. 364 (3): 
248-254. doi: 10.1056/NEJMcp1009570. 

Qasim B (2018) Dyslipidemia in subclinical hypothyroidism: a case-control study. Journal of Endocrinology 
and Diabetes. 5 (1): 1-6. Doi:10.15226/2374-6890/5/1/00192. 

Wamberg L, Pedersen SB, Rejnmark L, Richelsen B (2015) Causes of vitamin D deficiency and effect of 
vitamin D supplementation on metabolic complications in obesity: a review. Current Obesity Reports. 4 (4): 
429-440. doi:10.1007/s13679-015-0176-5. 


Elhadi & Ahmed Mediterr J Pharm Pharm Sci. 2(1): 29-37, 2022 Page | 29-37 


